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1
MAGNETO-SYSTEM FIRING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a magneto-system firing,
apparatus, and more particularly to a magneto-system firing
apparatus mounted on an aircraft and having a breaker
failure detecting portion which 1s capable of detecting an
abnormal state of the make/break operation of the breaker.

2. Description of the Related Art

In general, a battery type firing apparatus 1s applied to an
engine for an automobile, but a self-generatable magneto-
system {firing apparatus 1s used in the aircraft from the
viewpoint of safety.

As shown 1n FIG. 8, the magneto-system {iring apparatus
of this type includes a permanent magnet 11 disposed on a
rotary shaft 10 that interlocks with a crank shaft of an
engine, a primary coil 13 that forms an 1gnition coil wound
around an 1ron core 12 which 1s so disposed as to surround
the permanent magnet 11, a secondary coil 14 larger 1n turn
ratio than the primary coil 13, a cam mechanism 15 con-
nected to the primary coil 13 and disposed on the rotary shaft
10, and a mechanical breaker 18 which 1s driven by the cam
mechanism 15, and makes intermittent a current generated
in the primary coil 13 due to the make/break operation of a
contact point 17 which 1s abutted against the surface of the
cam 16 or spaced apart from the cam 16.

In the magneto-system firing apparatus 19 of this type, in
the case where a low-voltage current 1s generated as an
inductance current in the primary coil 13 due to the rotation
of the permanent magnet 11 interlocked with the rotation of
the crank shaft, the breaker 18 1s driven by the cam mecha-
nism 15 so as to be actuated so that the contact point 17 1s
opened, and the low-voltage current 1n the primary coil 13
1s broken, as a result of which a high-voltage current is
induced 1n the secondary coil 14, and the high voltage is
applied to spark plugs (not shown) disposed in the respective
cylinders through a distributor 20 to cause spark discharge
at spark gaps and fire an air-fuel mixture 1n the cylinders,
thereby driving pistons. In the figure, reference numeral 21
denotes a capacitor and 22 1s a spark plug.

In the breaker 18 thus structured, since the above contact
point 17 1s repeatedly physically abutted against and spaced
apart from the surface of the cam 16 to make and break the
current that flows 1n the primary coil 13, there 1s a possibility
that the contact point 17 1s burned and damaged while 1t 1s
used. In the case where the contact point 17 1s thus burned
and damaged, even 1f the crank reaches a predetermined
rotating angle at a spark timing, the breaker 18 does not
appropriately conduct the make/break operation, so that the
current 1n the primary coil 13 1s not broken, with the results
that because the high-voltage current 1s not induced in the
seccondary coil 14, there 1s a case 1n which the spark
discharge does not occur 1n the spark plug, and the air-fuel
mixture within the cylinder 1s not fired.

In order to prevent the above situation, 1n an engine for an
aircraft, there 1s formed a so-called dual ignition system
having two magneto-system firing apparatuses 19 for each
of the piston cylinders from the viewpoint of safety. A pilot
1s under an obligation to conduct the stop operation with
respect to the two magneto-system {iring apparatuses 19
mounted on the respective cylinders, to confirm that the
number of revolutions of an engine 1s lowered a certain
degree, and to confirm whether or not the respective
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magneto-system firing apparatuses 19 are normally actuated,
before every time the aircraft takes off. The above confirm-
ing operation must be conducted every time before flying
which 1s troublesome.

Also, at the time of 1inspections on the ground, the
operation of inspecting the breakers 1s periodically con-
ducted every several tens hours, and 1n the case where the
contact point 17 1s burned and damaged, 1t 1s necessary to
replace the breaker 18 with a new one. Thus, the inspecting
and maintaining operation 1s also complicated. Under the
above circumstances, up to now, 1t 1s desirable to provide a
means for detecting the burning damage and deterioration of
the breaker 18 of the magneto-system firing apparatus 19 at
a real time.

However, 1t 1s difficult to provide the means for detecting
the abnormal operation of the breaker 18 for the following
reasons.

In order to judge whether or not the contact point 17 of the
breaker 18 i1s normally actuated, there 1s proposed, for
example, a manner in which a circuit that can detect the
resistance value of the breaker 18 1s disposed 1n the breaker
18, and the respective resistance values at the make/break
time of the contact point 17 are measured, and whether or
not the contact point 17 1s appropriately made and broken,
1s judged on the basis of a change 1n the resistance value.

In this case, the primary coil 13 of the ignition coil 1s
connected 1n parallel with the breaker 18, and the impedance
of the primary coil 13 1s about 0.65 to 0.7 £2. Since the
breaker 18 1s influenced by the impedance when the breaker
18 1s made, the resistance value detected on the breaker 18
when the breaker 18 1s broken becomes about 0.65 to 0.7 €2,

likewise.

On the other hand, when the breaker 18 1s made, the
resistance value of the breaker 18 1s 0 €, but since a
difference 1n the resistance between the make and break
states 1s slight, 1t 1s difficult to distinguish the make state
from the break state, and to judge whether or not the
make/break operation 1s appropriately conducted.

Also, as described above, when the breaker 18 1s broken,
the low-voltage current 1n the primary coil 13 is interrupted
with the result that a large serge voltage 1s generated in the
secondary coil 14. Therefore, in the case where a detecting
circuit and an electronic parts for detection are connected to
the breaker 18, since the detecting circuit and the electronic
parts cannot withstand the serve voltage, 1t 1s difficult to

connect the detecting circuit and the electronic parts for
detection to the breaker 18.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a
magneto-system firing apparatus which 1s capable of detect-
ing an abnormal state rapidly 1n the case where the breaker
1s damaged or the like, and there occurs abnormality 1n the
make/break operation of the contact point.

Also, another object of the present invention 1s to provide
a magneto-system firing apparatus that detects the abnor-
mality of the make/break operation on the basis of informa-
tfion related to an angle of a crank shaft of an engine and
information related to the make/break operation of the

breaker.

In order to achieve the above objects, there 1s provided a
magneto-system firing apparatus, comprising: a magnet
fixed to a rotary shaft that interlocks with a crank shaft of an
engine; a primary coil to which a low-voltage current that is
oenerated due to the rotation of the magnet 1s supplied; a
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breaker which 1s connected to the primary coil and interrupts
the low-voltage current supplied to the primary coil by its
break operation; a secondary coil 1n which a predetermined
voltage 1s induced due to the current interruption caused by
the break operation of the breaker to actuate the firing
apparatus by application of the voltage generated in the
secondary coil; a crank angle detecting portion for detecting
the rotating angle of the crank shaft; a breaker make/break
state detecting portion for detecting the make/break state of
the breaker; and a breaker failure detecting device having a
breaker make/break abnormality detecting portion which 1s
capable of detecting the abnormal state of the breaker
make/break operation on the basis of information from the
crank angle detecting portion and the breaker make/break
state detecting portion.

Accordingly, 1n the present invention, the breaker make/
break abnormality detecting portion conducts judgment on
the basis of mmformation related to the crank angle outputted
from the crank angle detecting portion and information
related to the breaker make/break state outputted from the
breaker make/break state detecting portion and detects the
abnormal state 1n a case the breaker make/break state is
abnormal. As a result, if abnormality occurs 1in the make/
break state of the breaker, the abnormality can be rapidly
recognized.

Accordingly, 1n the case where the magneto-system firing
apparatus according to the present invention i1s employed 1n
an aircraft, if abnormality occurs 1n the make/break state of
the breaker, a pilot can recognize the abnormal state. As a
result, since the pi1lot can recognize the abnormal state of the
breaker at a real time, although it 1s necessary to periodically
conduct the inspecting operation of the breaker every 20
hours at the time of 1nspection on the ground up to now, 1t
1s unnecessary to always periodically conduct the inspecting
operation 1n a short period, and the period of the inspecting
operation can be lengthened, and the number of times of
complicated 1nspecting operation can be lessened.

Also, according to a second aspect of the present
invention, abridge circuit 1s connected between the primary
coll and the breaker, and the breaker 1s connected with the
breaker failure detecting device through a serge voltage
preventing means for preventing a serge voltage generated
in the primary coil. Also, the crank angle detecting portion
includes a magnetic portion disposed on the rotary shaft, a
sensor that detects the magnetic portion, and a crank angle
detecting means for outputting an electric signal resulting
from detecting the magnetic portion by the sensor as an
clectric signal that represents the rotating angle of the crank.
The breaker make/break state detecting portion 1s so struc-
tured as to output the make/break state of the breaker as an
clectric signal, and the breaker make/break abnormality
detecting portion 1s so structured as to output a predeter-
mined electric signal on the basis of the electric signals
outputted from the crank angle detecting portion and the
breaker make/break state detecting portion 1f the make/break
operation of the breaker 1s abnormal.

Accordingly, in the second aspect of the present
invention, since the bridge circuit 1s connected between the
primary coil and the breaker, an influence of the impedance
of the primary coil to the beaker can be removed. Therefore,
since the resistance of the breaker becomes 0 £2 when the
breaker 1s made and infinite when the breaker 1s broken, the
make/break state of the breaker can be readily detected.

Also, since the breaker 1s connected with the breaker
failure detecting device through the serge voltage preventing
means for preventing the serge voltage generated in the
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secondary coil, the influence on the breaker failure detecting
device can be prevented, and the abnormal state of the
make/break operation of the breaker can be detected without
damaging the break failure detecting device.

Also, according to a third aspect of the present invention,
the crank angle detecting portion 1s so structured as to output
an electric signal of a high level while the crank moves from
a predetermined angular position before a compression top
dead center to the top dead center and output an electric
signal of a low level while the crank moves from the top
dead center to the predetermined angular position before the
top dead center, and there 1s further provided a waveform
shaping means for waveform-shaping the electric signal of
the high level into a waveform shaping signal representing
the predetermined angular position before the top dead
center and a waveform shaping signal representing the top
dead center.

The spark plug disposed in the piston cylinder 1s so
structured as to fire the air-fuel mixture within the piston
cylinder by conducting spark discharge at the predetermined
angular position of the crank before the piston reaches the
top dead center. Accordingly, in the third aspect of the
present invention, in order to judge whether or not the
breaker 1s normally actuated, the electric signal of the high
level corresponding to a position of the predetermined
angular position before the top dead center of the crank to
the top dead center 1s waveform-shaped and used as infor-
mation of detecting the breaker make/break abnormality
detection.

Further, according to a fourth aspect of the present
invention, the breaker make/break abnormality detecting
portion compares the waveform shaping signal outputted
from the crank angle detecting portion and representing the
predetermined angular position before the top dead center
with a terminal portion of the electric signal outputted from
the breaker make/break state detecting portion and repre-
senting the make state, and compares the electric signal
outputted from the crank angle detecting portion and repre-
senting the top dead center, with the signal outputted from
the breaker make/break state detecting portion and repre-
senting the break state.

Since the firing apparatus 1s so structured as to conduct the
firing at the predetermined angular position of the top dead
center (BTDC) of the crank shaft of the engine, it is
necessary that the breaker 1s appropriately broken when the
crank shaft reaches the angular position.

Accordingly, 1in the second, third and fourth aspects of the
present mvention, a slight error 1n the timing of the actual
make/break operation of the breaker 1s estimated, the 1nfor-
mation of from an angular position slightly lower than the
angular position of the crank shaft when firing to the top
dead center (TDC) which 1s predetermined to the engine is
ograsped by the electric signal of a high level, and similarly
information as to the make/break operation of the breaker 1s
orasped by the electric signals of the high level and the low
level, and those electric signals are compared with each
other to detect the breaker make/break abnormality.

Accordingly, the breaker make/break abnormality detect-
ing portion compares the electric signal representing the
predetermined angular position before the top dead center
outputted from the crank angle detecting portion, with the
terminal portion of the electric signal outputted from the
breaker make/break state detecting portion and representing
the make state, and judges that the make operation of the
breaker 1s appropriately conducted 1f the electric signal
representing the make state of the breaker 1s inputted when
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the electric signal representing the predetermined angular
position before the top dead center i1s 1nputted. Also, the
breaker make/break abnormality detecting portion compares
the electric signal outputted from the crank angle detecting
portion and representing the top dead center, with the
electric signal outputted from the breaker make/break state
detecting portion and representing the break state, and
judges that the break operation of the breaker 1s appropri-
ately conducted 1if the electric signal representing the break
state of the breaker 1s inputted when the electric signal

representing the top dead center 1s inputted.

According to a fifth aspect of the present invention, the
bridge circuit comprises a diode bridge circuit, and the serge
voltage preventing means comprises a diode. Also, accord-
ing to a sixth aspect of the present invention, the predeter-
mined angle before the top dead center 1s 40 degrees. Since
the engine for the aircraft 1s generally so structured as to fire
at an angular position of 20 to 26 degrees betfore the top dead
center, when 1t 1s judged whether or not the breaker is
normally actuated, a reference position for detecting the
breaker make state 1s provided at the angular position near
40 degrees before the top dead center which 1s before 20
degrees before the top dead center.

In addition, according to a seventh aspect of the present
invention, the breaker make/break abnormality detecting

portion comprises a flip-flop circuat.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a conceptual diagram showing a magneto-
system {iring apparatus 1n accordance with the present
invention, and a diagram showing a state in which a bridge
circuit 1s connected and disposed between an 1gnition coil
and a breaker, and the breaker 1s connected with a breaker
failure detecting device through a serge voltage preventing
means.

FIGS. 2 and 3 are diagrams showing directions of a
current that flows 1 a circuit 1n a state where the bridge
circuit 1s disposed between the 1gnition coil and the breaker,
in which FIG. 2 shows a flow of the current in a plus
direction and FIG. 3 shows a flow of the current in a minus
direction;

FIG. 4 1s a diagram showing a breaker failure detecting,
device 1n a magneto-system firing apparatus 1n accordance
with an embodiment of the present invention;

FIG. § 1s a diagram showing a crank angle signal detected
by a crank angle detecting portion and a breaker make/break
state signal detected by a breaker make/break state detecting
portion corresponding to the crank angle signal, in which the
crank angle signal outputs a signal of high level while a
crank shaft reaches from 40 degrees before a top dead center
(BTDC) to the top dead center (TDC), and the breaker
make/break state signal outputs a signal of high level 1n a
make state;

FIG. 6 1s a diagram showing the structure of a breaker
make/break state detecting means in accordance with an
embodiment of the present invention;

FIG. 7 1s a diagram showing a crank angle signal detected
by a crank angle detecting portion and a breaker make/break
state signal detected by a breaker make/break state detecting
portion corresponding to the crank angle signal, and also a
diagram showing a crank angle signal waveform shaped by
a wavelform shaping means and representing a crank angle
signal outputting a signal of high level at 40 degrees before
the top dead center (BTDC) and the top dead center (TDC),
a breaker make/break state signal outputted from the breaker
make/break state detecting portion and a signal resulting
from 1nverting the breaker make/break state signal; and
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FIG. 8 1s a conceptual diagram showing the general
structure of a magneto.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, a description will be predetermined 1n more
detail of a magneto-system firing apparatus 1n accordance
with an embodiment of the present invention with reference
to the accompanying drawings.

As shown 1n FIG. 1, 1n a magneto-system firing apparatus
30 according to this embodiment, a magneto-system firing
apparatus main body 31 1s connected with a breaker failure
detecting device 40.

In this embodiment, a diode bridge circuit 35 1s connected
between a primary coil C1 that constitutes an 1gnition coil 37
and a breaker 34. Also, the breaker 34 1s connected with a
breaker failure detecting device 40 through a serge voltage
preventing means 39 formed of a diode DS that can prevent
a serge voltage generated in the primary coil C1. In the
figure, reference numeral 38 denotes a spark plug.

The diode bridge circuit 35 1s made up of diodes D1 to D4
which are arranged as shown 1n FIG. 1. In general, since an
clectric power 1s generated by a magneto and an a.c. tlows
in the 1gnition coil 37, 1n the conventional magneto, an a.c.
that flows 1n bi-directions of the coil flows, and the a.c. lows
in the breaker 34 as the bi-directional current, likewise.

However, 1n this embodiment, since the diode bridge
circuit 35 1s provided, the a.c. that flows 1n the 1gnition coil
37 1s rectified and converted into a one-way current. As a
result, 1n this embodiment, a direction of the current that
flows 1n the breaker 34 1s always kept constant.

That 1s, as shown 1 FIGS. 2 and 3, assuming that a
direction of the current that flows upstream 1s a plus side and
a direction of the current that flows downstream 1s a minus
side with respect to the 1gnition coil 37, FIG. 2 shows a case
where a current of the plus direction flows 1n the 1gnition coil
37 as shown 1n the figure, and after a current flow passes
through the diode D1 and the breaker 34, the current flow

passes through the diode D4 and returns to the i1gnition coil
37.

Also, as shown 1n FIG. 3, a current low 1n the case where
the current of the minus direction flows 1n the coil, after the
current flow passes through the diode D2 and the breaker 34,
the current flow passes through the diode D3 and returns to
the 1gnition coil 37. The diodes D1 to D4 to be used 1n the
diode bridge circuit 35 can withstand the serge voltage
generated 1n the 1gnition coil 37 when the current that flows
in the 1gnition coil 37 1s broken by the breaker 34.

Accordingly, 1n this embodiment, 1n detecting the failure
of the breaker 34, in the case where a resistance when the
breaker 34 1s made and broken 1s measured to detect the
make/break state of the breaker 34, because an influence of
the impedance of the primary coil C1 connected 1n parallel
with the breaker 34 1s intercepted by the diode bridge circuit
35, the resistance 18 0 €2 when the breaker 1s made and
infinite when the breaker 1s broken, thereby being capable of
clearly judging the make and break states of the breaker 34.

Up to now, since the bi-directional current flows 1n the
breaker 34 as an a.c., both contact portions at the contact
point are burned and damaged. However, 1n this
embodiment, since the diode bridge circuit 35 1s provided to
rectily the current into a d.c., only one contact portion 1s
burned and damaged. Therefore, a material of the contact
portion at the contact point 1s easily selected.

Also, as shown 1n FIG. 1, since the breaker failure
detecting device 40 1s connected to the breaker 34 through
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the serge voltage preventing means 39, an influence of the
serge voltage generated i1n the secondary coil C2 on the
breaker failure detecting device 40 when the breaker 34 1s
broken can be removed, and the breaker failure detecting
device 40 1s not damaged by the serge voltage or the like. As
a result, the magneto-system {firing apparatus 30 according
to this embodiment can be connected with an electronic

parts or a circuit or the like for detecting the resistance value
of the breaker.

Then, as shown 1n FIG. 4, the breaker failure detecting
device 40 used 1n the magneto-system firing apparatus 30
according to this embodiment includes a crank angle detect-
ing portion S0 for detecting the rotating angle of the crank
shaft, a breaker make/break state detecting portion 60 for
detecting the make/break state of the breaker, a breaker
make/break abnormality detecting portion 70 for detecting
the abnormal state of the breaker make/break operation on
the basis of mmformation from the crank angle detecting
portion 50 and the breaker make/break state detecting por-
tion 60, and a display portion 80 for displaying the abnormal
state detected by the breaker make/break abnormality detect-
ing portion 70.

In this embodiment, the breaker failure detecting device
40 1s structured by an electric circuit, but may be structured
by a digital circuit using a microcomputer without any
problem.

The crank angle detecting portion 50 includes a magnetic
portion 51 disposed within the magneto and disposed on a
rotary shaft 10 that interlocks with the crank shaft of the
engine, a sensor 52 for detecting the magnetic portion 51, a
crank angle detecting means 353 that outputs an electric
signal resulting from detecting the magnetic portion 51 by
the sensor 52 as an electric signal representing a crank angle,
and waveform shaping means 54 and 55 that shape the
waveform of an electric signal outputted from the crank
angle detecting means 53.

The spark plug disposed 1n a cylinder conducts spark
discharge at a predetermined angular position of the crank
before a piston reaches a top dead center, to thereby fire an
air-fuel mixture within the cylinder. Therefore, 1n the present
invention, 1in order to judge whether or not the breaker 34 1s
normally actuated, an electric signal of high level corre-
sponding to a position between a position of the predeter-
mined angle before the top dead center of the crank and the
top dead center 1s waveform-shaped and used as a basic
information of detection of the breaker make/break abnor-
mality.

As described above, 1n an engine for an aircraft, the spark
plug 1s structured so as to be fired when the crank reaches a
position of 20 degrees before the top dead center (TDC).
Therefore, 1n order to decide that the firing system 1is
appropriately actuated 1n the engine for the aircraft, it 1s
necessary that in the case where the crank reaches the crank
angle of 20 degrees of the top dead center (TDC), the
breaker 34 1s normally broken, and a high-voltage current 1s
induced 1n the secondary coil. Therefore, i1n this
embodiment, 1n detecting whether or not the breaker 34 1s
normally actuated, it 1s judged whether or not the breaker 34
1s made at the angular position of 40 degrees of the top dead
center (TDC) before 20 degrees before the top dead center,
and when the crank reaches the top dead center (TDC), it is
judged whether or not the breaker 34 is broken, to thereby
judge the presence/absence of the make/break abnormality

of the breaker 34.

The magnetic portion 51 1s formed of a pair of magnetic
blades 56, 56 on the peripheral edge portion of a rotor 55
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disposed on the rotary shaft 10, and a sensor 52 for detecting
the magnetic blades 56 1s disposed in the vicinity of the
rotary shaft 10. The sensor 52 may be used a general
clectromagnetic pickup, a magnetic resistant element, or the

like.

Therefore, the rotary shaft 10 disposed within the mag-
neto rotates 1 accordance with the rotation of the crank
shaft, and when the sensor 52 detects the passing of the
magnetic blades 56, 56, the sensor 52 outputs a predeter-
mined electric signal to the crank angle detecting means 53.
The crank angle detecting means 53 has information related
to a relationship between the crank angle and the number of
revolutions of the rotary shaft 10 1n advance, and outputs the
crank angle at that time as an electric signal at a timing for
cach of cylinders with reference to the above information.

The rotary shaft 10 of the magneto 1s driven by the engine
through a drive gear. For example, 1n case of a four-cylinder
engine, the drive gear of 1:1 1s used so that the number of
revolutions of the engine and the number of revolutions the
rotary shaft 10 of the magneto become identical with each
other. As usual, the four-cylinder engine conducts firing
twice when the crank shaft rotates one revolution.
Accordingly, the make/break operation of the breaker 1s also
conducted twice.

FIG. 5 shows the crank angle signal and the breaker
make/break timing corresponding to the crank angle signal
while the crank of the four-cylinder engine rotates one
revolution 1n a magneto-system firing apparatus of this
embodiment. As shown 1n FIG. §, the crank angle detecting
means 33 1s structured so as to output the electric signal of
high level while the crank moves from a position of 40
degrees before the top dead center (BTDC) to the top dead
center (TDC), and output the electric signal of low level
while the crank moves from the top dead center (TDC) to the
position of 40 degrees before the top dead center (BTDC).

Also, after the crank angle signal representing the crank
angle 1s outputted from the crank angle detecting portion 50,
1s mnputted to said wavetform shaping means 54 and 55, and
waveform-shaped.

That 1s, as shown 1n FIG. 4, the crank angle detecting
means 353 are connected to the two waveform shaping means
54 and 55. The waveform shaping means 54 waveform-
shapes the electric signal of high level representing that the
crank 1s positioned 1n while the crank reaches the top dead
center (TDC) from the position of 40 degrees before the top
dead center (BTDC) into the electric signal representative of
the position of 40 degrees before the top dead center, and the
waveform shaping means 55 waveform-shapes the electric
signal representing the top dead center. As a result, the
waveform shaping means 54 outputs a waveform shaping
signal (1) as the crank angle signal of high level correspond-
ing to the position of the crank shaft that 1s 40 degrees betfore
the top dead center (BTDC), and the waveform shaping
means 335 outputs a waveform shaping signal (2) as the crank
angle signal of high level corresponding to the position of
the crank shaft that is the top dead center (TDC). Those
waveform shaping signals (1) and (2) are inputted to the
breaker make/break abnormality detecting means 71 and 72
that constitute a breaker make/break abnormality detecting
portion 70 which will be described later, respectively.

As shown 1n FIG. 4, the breaker 34 1s connected with a
breaker state detecting means 62 that constitutes the breaker

make/break state detecting portion 60 through the diode D§

as the serge voltage preventing means. As shown 1n FIG. 5,
the breaker state detecting means 62 outputs an electric

signal representing the make/break state of the breaker.
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FIG. § shows the make/break timing of the breaker 34
with reference to the crank angle, and the signal of high level
1s outputted 1n case of the make state and the signal of low
level 1s outputted 1n case of the break state, responding to the
breaker make/break timing respectively. In this
embodiment, an example where the breaker 34 comes to the
break state from the make state at 20 degrees before the top
dead center (BTDC) is explained.

Subsequently, the detection of the breaker make/break
state will be described 1n the structure where the diode
bridge circuit 35 1s disposed between the breaker 34 and the
ignition coil 37.

In this embodiment, the breaker make/break state detect-
ing portion 60 has a breaker state detecting means 62 formed
of a circuit, and FIG. 6 shows an embodiment of the
detecting circuit.

As shown 1n FIG. 6, the breaker state detecting means 62
1s connected to the breaker 34 through the diode DS, and the
diode D3 1s provided so as to prevent a reverse voltage for
preventing the influence of the serge voltage generated 1n the
secondary coil C2 on the detecting circuit side when the
breaker 34 conducts the make/break operation.

In addition, a control power supply VDD of the detecting,
circuit 1s connected to an anode side of the diode D3 through
a resistor R1, and further a cathode side of the diode D35 is
connected to one end of the breaker. Also, the other end of
the breaker 34 1s connected to the GND side of the control
power supply within the detecting circuit.

On the other hand, the anode side of the diode D35 1s
further connected to the minus side mput terminal of an IC1
which 1s a voltage comparator through a resistor R2. Also,
the plus side mput terminal of the IC1 1s connected to a
neutral point of the variable resistor VR1. One end of the
fixed resistor portion of the variable resistor VR1 1s con-
nected to the control power supply VDD of the detecting
circuit, and the other end of the fixed resistor portion 1is
connected to GND of the control power supply. A capacitor
C1 1s further connected to the neutral point portion of the
variable resistor VR1 so as to stabilize the set voltage at the
variable resistor VR1 portion.

The breaker make/break state detecting portion 60 thus
structured operates as follows:

First, a case 1n which the breaker 34 1s 1n the break state
will be described. In the case where the breaker 34 is 1n the
break state, since the detecting circuit 1s disconnected from
the breaker 34, no current lows 1nto the breaker 34 from the
detecting circuit, and a potential at the anode side of the
diode D3 becomes equal to the control supply voltage VDD,
and a value resulting from dividing the control power supply
voltage 1s applied to the plus side mput terminal of the
voltage comparator IC1 by the variable resistor VR1. The
voltage at the plus side mput terminal becomes about Y2 of
the control power supply voltage. The voltage comparator
IC1 compares the potential at the plus side mput terminal
with the potential at the minus side input terminal, and
outputs a voltage corresponding to mark [(+) or (-)] which
1s larger 1n potential. Therefore, mn the case where the
breaker 1s 1n the break state, because the potential at the
minus side input terminal becomes VDD that 1s larger than
VDD/2 which 1s the potential at the plus side input terminal,
the voltage comparator outputs the voltage of the control
power supply voltage GND level. Also, 1n the case where the
breaker 34 1s in the make state, the diode D5 1s short-
circuited to GND which 1s the control power supply voltage
of the detecting circuit. As a result, the potential at the anode

side of the diode D5 becomes GND level of the control
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power supply voltage. In this case, strictly speaking, the
potential at the anode side of the diode DS 1s higher than the
GND level by the forward direction voltage drop of the
diode, about 0.7 V. In FIG. 6, the resistor R1 1s so designed
as to limit a current that flows from the control power supply
when the breaker 34 becomes in the make state and 1s
determined 1n accordance with a current value that breaks an

oxide film on the breaker 34.

Accordingly, 1n the case where the breaker 34 1s in the
make state, a voltage of about 0.7 V 1s applied to the minus
side 1mnput terminal of the voltage comparator IC1. On the
other hand, a voltage of about ¥ of the control power supply
voltage 1s applied to the plus side 1nput terminal of the
voltage comparator IC1. However, since a power supply of
15 V 1s normally used for the control power supply voltage,
that value becomes about 7.5 V. Therefore, 1n the case where
the breaker 1s 1n the make state, since the plus side 1nput
terminal side 1s larger 1n the voltage at the input terminal of
the voltage comparator IC1 than the minus side, the voltage

comparator IC1 outputs the control power supply voltage
VDD.

As a result, as shown 1n FIG. §, the breaker make/break

state detecting portion 60 outputs the breaker make/break
state signal of high level in the case where the breaker 1s in
the make state by the make/break timing of the breaker 34,
and outputs the breaker make/break state signal of low level
in the case where the breaker 34 1s in the break state. Those
breaker make/break state signals are inputted to a breaker
make/break abnormality detecting means 71 and 72 which
will be described later.

Subsequently, the breaker make/break abnormality
detecting portion 70 will be described. The breaker make/
break abnormality detecting portion 70 comprises two
breaker make/break abnormality detecting means 71 and 72,
OR circuits 73 and 74 connected to the respective breaker
make/break abnormality detecting means 71 and 72, and an
inverter circuit 75 for inverting the breaker make/break state
detecting signal outputted from the breaker make/break state
detecting portion 60.

In this embodiment, the above two breaker make/break
abnormality detecting means 71 and 72 are made up of a
flip-flop circuit, respectively. The breaker make/break
abnormality detecting means 71 detects the abnormality of
the breaker 34 1n the make state, and the breaker make/break
abnormality detecting means 72 detects the abnormality of
the breaker 34 1n the break state.

As shown 1n FIG. 4, the SET terminal of the breaker

make/break abnormality detecting means 71 that detects the
abnormality when the breaker i1s in the make state 1s con-
nected to one wavelorm shaping means 54 that constitutes
the crank angle detecting portion 50, and the RESET ter-
minal of the breaker make/break abnormality detecting
means 71 1s connected to one OR circuit 73.

On the other hand, the SET terminal of the breaker
make/break abnormality detecting means 72 that detects the
abnormality when the breaker 1s 1n the break state 1s con-
nected to the other waveform shaping means 55 that con-
stitutes the crank angle detecting portion 50, and the RESET
terminal of the breaker make/break abnormality detecting
means 72 1s connected to the other OR circuit 74.

The above OR circuits 73 and 74 are connected to the
breaker make/break state detecting means 62 that constitutes
the breaker make/break state detecting portion 60. In this
case, one 1nput terminal of the other OR circuit 74 1is
connected with an inverter circuit 75. As shown 1n FIG. 7,

the mverter circuit 75 1s used to partially invert a breaker
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make/break state detection signal outputted from the breaker
make/break state detecting portion 60.

That 1s, 1n order that the electric signal corresponding to
before the top dead center (BTDC) outputted from the
waveform shaping means 355 of the crank angle detecting,
portion 50 and the breaker make/break state detection signal
are compared with each other using the tlip-flop circuit to
detect the make/break abnormality, the breaker make/break
state signal outputted from the breaker make/break state
detecting means 62 maybe used as 1t 1s. However, 1n order
that the electric signal corresponding to the top dead center
(TDC) and the breaker make/break state detection signal are
compared with each other using the flip-tflop circuit to detect
the make/break abnormality, the breaker make/break state
signal needs to be mverted.

Also, one 1nput terminals of each of the OR circuits 73
and 74 are connected with a reset circuit 76 respectively. The
reset circuit 76 1s provided so as to accurately detect the state
of the breaker 34. The reset circuit 76 has a function of
suspending the operation of the detecting circuit so that the
detecting circuit does not malfunction in the case where the
number of revolutions of the engine 1s equal to or smaller
than a predetermined number of revolutions, and outputs a
signal of high level at the time where the detecting circuit 1s
operative and outputs a signal of low level at the time where
the detecting circuit is 1noperative.

Hereinafter, the operation of the breaker make/break
abnormality detecting means 71 and 72 will be described.

As described above, the crank angle signal representative
of 40 degrees before the top dead center (BTDC) detected by
the crank angle detecting means 33 that constitutes the crank
angle detecting portion 50 and 1s waveform-shaped by the
wavelorm shaping means 54 1s mputted to the SET terminal
of the breaker make/break abnormality detecting means 71
which 1s a flip-flop circuit. On the other hand, the breaker
make/break state signal outputted from the breaker make/
break state detecting means 62 i1s inputted to the RESET
terminal of the breaker make/break abnormality detecting
means 71 through the OR circuit 73.

The flip-flop circuit operates so as to give priority to the
high level signal when a signal of high level 1s 1nputted to
the RESET terminal and even 1f any signal 1s inputted to the
SET terminal of the flip-flop circuit, the flip-flop circuit
forcedly makes its output as low level. Also, when a signal
of high level 1s mnputted to the SET terminal after the reset
terminal of the flip-flop circuit becomes low level, the
flip-flop circuit retains the high level output until a signal of
high level 1s mputted to the RESET terminal again.

In the magneto-system firing apparatus 30 according to
th1s embodiment, as described above, the breaker 34 1s
structured so as to shift from the make state to the break state
at 20 degrees before the top dead center (BTDC), and as
shown 1n FIG. 7, 1in the case where the breaker 34 conducts
normally the make/break operation, it 1s necessary that the
breaker 34 becomes 1n the make state when the crank angle

is 40 degrees before the top dead center (BTDC).

Accordingly, 1n the case where the breaker make state
signal 1s mnputted to the RESET side terminal of the breaker
make/break abnormality detecting means 71 formed of a
flip-flop circuit, and the crank angle signal 1s inputted to the
SET terminal, the breaker make/break detecting means 71
oves priority to the mput at the RESET terminal side
regardless of an input to the SET terminal because the
breaker make state signal which 1s an 1mnput of the RESET
side terminal 1s high level, and the breaker make/break
abnormality detecting means 71 outputs a signal of low
level.

As a result, the breaker make/break abnormality detecting
means 71 that detects the abnormality when the breaker 1s in
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the make state, outputs a signal of low level 1n the case
where the (breaker 34 normally conducts the make opera-
tion.

On the other hand, in the case where the breaker 34
normally conducts the make/break operation, when the
crank angle becomes the top dead center (TDC), firing in the
plug has been already made as a result of which 1t 1s
necessary that the breaker 34 becomes in the break state, and

the break state of the breaker 34 1s detected by the breaker
make/break abnormality detecting means 72.

In this case, since the breaker make/break state detecting
means signal outputted from the breaker make/break state
detecting means 62 1s mputted to the breaker make/break
abnormality detecting means 72 through the inverter circuit
75 as shown 1n FIG. 7, the inverted breaker make/break state
signal 1s 1verted 1n level as compared with the breaker
make/break state signal which 1s not yet inverted. In the case
where the breaker 34 1s 1n the make state, the breaker
make/break state signal 1s 1nputted as the low level to the
breaker make/break abnormality detecting means 72
whereas 1n the case where the breaker 34 1s 1n the break
state, the breaker make/break state signal 1s inputted as the
high level to the breaker make/break abnormality detecting
means 72.

Accordingly, in the case where the breaker make/break
state signal 1s mnputted to the RESET side terminal of the
breaker make/break abnormality detecting means 72 formed
of a thip-flop circuit, and the crank angle signal i1s inputted
to the SET terminal, the breaker make/break detecting
means 72 gives priority to the mput at the RESET terminal
side regardless of an 1nput to the SET terminal when the
breaker break state signal which 1s an mput of the RESET
side terminal 1s high level, and the breaker make/break
abnormality detecting means 72 outputs a signal of low
level.

As a result, the breaker make/break abnormality detecting
means 72 that detects the abnormality when the breaker 1s in
the break state, outputs a signal of low level as in the case
of the detection of the make state from the breaker make/
break abnormality detecting means 72 in the case where the
breaker 34 normally conducts the break operation.

Subsequently, 1n the breaker make/break abnormality
detecting means 71 and 72, a state where the breaker 34 does
not normally conducts the make/break operation will be

described.

As a case where the operation of the breaker 34 1is
abnormal, for example, there are assumed a case where the
breaker 34 1s 1n the break state at the time the crank angle
is of 40 degrees before the top dead center (BTDC), and a
case where the breaker 34 i1s 1n the make state when the
crank angle is positioned at the top dead center (TDC).

For example, 1n the case where the breaker 34 1s 1n the
break state at the time of 40 degrees before the top dead
center (BTDC), the crank angle signal of low level which is
in the break state 1s inputted to the RESET terminal of the
breaker make/break abnormality detecting means 71. A
signal of high level which is a crank angle signal 1s inputted
to the SET terminal, and since the flip-flop circuit retains the
high level output until the signal of high level 1s inputted to
the RESET terminal again, the breaker make/break abnor-
mality detecting means 71 outputs the signal of high level.

Also, similarly, 1n the case where the breaker 34 1s in the
make state when the crank angle 1s positioned at the top dead
center (TDC), a signal representative of the breaker make/
break state which 1s inputted to the RESET side terminal of
the breaker make/break abnormality detecting means 72
becomes a signal of low level representative of the make
state which 1s inverted by the inverter circuit 75. Therefore,
a signal of high level i1s outputted from the breaker make/
break abnormality detecting means 72 as in the above.
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Accordingly, 1n the case where the abnormality of the
make/break operation of the breaker i1s detected, the signal
of high level 1s outputted from the breaker make/break
abnormality detecting means 71 and 72.

Then, 1n this embodiment, there 1s provided an abnormal-
ity display portion 80 that displays the abnormal state
detected by the breaker make/break abnormality detecting
portion 70.

The abnormality display portion 80 comprises an OR
circuit 81 connected to the breaker make/break abnormality
detecting means 71 and 72, a driver circuit 82 connected to
the OR circuit 81 and a display means 83 connected to the
driver circuit 82.

Accordingly, in the case where abnormality occurs 1n the
make/break operation of the breaker 34, and a signal of high
level 1s outputted from any one of the breaker make/break
abnormality detecting means 71 and 72, the signal of high
level 1s current-amplified 1n the driver circuit 82 through the
OR circuit 81, and thereafter the display means 83 displays
“breaker operation abnormality”. The display means 83 is
appropriately disposed 1 a cockpit of an aircrafit, as a result
of which a pilot or the like can recognize the abnormality of
the make/break operation of the breaker 34 of the magneto-
system firing apparatus 30 1n a state where he sits on a seat.

In this embodiment, the description was predetermined of
an example 1n which the magneto-system firing apparatus of
the present mvention 1s applied to the aircraft. However, the
present invention 1s not limited to the above embodiment,
but can be applied to an engine having a magneto-system
firing apparatus mounted on a machine other than the
aircraft. Also, the contents disclosed 1n the above speciiica-
fion 1s not limited to the above embodiment as long as they
are not out of the subject matter recited 1n the following
claims.

The foregoing description of the preferred embodiments
of the invention has been presented for purposes of 1llus-
tration and description. It 1s not intended to be exhaustive or
to limit the i1nvention to the precise form disclosed, and
modifications and variations are possible 1n light of the
above teachings or may be acquired from practice of the
invention. The embodiments were chosen and described 1n
order to explain the principles of the invention and its
practical application to enable one skilled 1n the art to utilize
the 1nvention m various embodiments and with various
modifications as are suited to the particular use contem-
plated. It 1s intended that the scope of the invention be
defined by the claims appended hereto, and their equiva-
lents.

What 1s claimed 1s:

1. A magneto-system firing apparatus, comprising:

a magnet fixed to a rotary shaft that interlocks with a
crank shaft of an engine; a primary coil to which a
low-voltage current that 1s generated due to the rotation
of said magnet 1s supplied; a breaker which 1s con-
nected to said primary coil and interrupts the low-
voltage current supplied to said primary coil by its
break operation; a secondary coil in which a predeter-
mined voltage 1s induced due to the current interruption
caused by the break operation of said breaker to actuate
the firing apparatus by application of the voltage gen-
erated 1n said secondary coil;

a crank angle detecting portion for detecting the rotating
angle of said crank shaft; a breaker make/break state
detecting portion for detecting the make/break state of
said breaker; and a breaker failure detecting device
having a breaker make/break abnormality detecting
portion which is capable of detecting the abnormal state
of the breaker make/break operation on the basis of
information from said crank angle detecting portion
and said breaker make/break state detecting portion.
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2. A magneto-system firing apparatus as claimed 1n claim
1, wheremn a bridge circuit 1s connected and arranged
between said primary coil and said breaker, and said breaker
1s connected with said breaker failure detecting device
through a serge voltage preventing means for preventing a
serge voltage generated 1n said primary coil;

wherein said crank angle detecting portion comprises a
magnetic portion disposed on said rotary shaft, a sensor
that detects the magnetic portion, and a crank angle
detecting means for outputting an electric signal result-
ing from detecting said magnetic portion by said sensor
as an electric signal that represents the rotating angle of
sald crank; and

wherein said breaker make/break state detecting portion 1s
structured so as to output the make/break state of the
breaker as an electric signal, and said breaker make/
break abnormality detecting portion 1s structured so as
to output a predetermined electric signal on the basis of
the electric signals outputted from said crank angle
detecting portion and said breaker make/break state
detecting portion 1f an abnormality occurs 1n the make/
break operation of the breaker.

3. A magneto-system {iring apparatus as claimed 1n claim
2, wherein said crank angle detecting portion 1s structured so
as to output an electric signal of a high level while said crank
moves from a predetermined angular position before a
compression top dead center to the top dead center and
output an electric signal of a low level while said crank
moves from the top dead center to the predetermined angular
position before the top dead center, and there 1s further
provided a wavetform shaping means for waveform-shaping
the electric signal of the high level into a waveform shaping
signal representing the predetermined angular position
before the top dead center and a waveform shaping signal
representing the top dead center.

4. A magneto-system firing apparatus as claimed 1n claim
3, wheremn the predetermined angle before the top dead
center 15 40 degrees.

5. A magneto-system firing apparatus as claimed 1n claim
2, wherein said breaker make/break abnormality detecting
portion compares the waveform shaping signal outputted
from said crank angle detecting portion and representing the
predetermined angular position before the top dead center
with a terminal portion of the electric signal outputted from
said breaker make/break state detecting portion and repre-
senting the make state, and compares the electric signal
outputted from said crank angle detecting portion and rep-
resenting the top dead center with the signal outputted from
said breaker make/break state detecting portion and repre-
senting the break state.

6. A magneto-system firing apparatus as claimed 1n claim
5, wherein the predetermined angle before the top dead
center 1s 40 degrees.

7. A magneto-system firing apparatus as claimed 1n claim
5, wherein said breaker make/break abnormality detecting
portion comprises a flip-flop circuit.

8. A magneto-system firing apparatus as claimed 1n claim
2, wherein said bridge circuit comprises a diode bridge
circuit, and said serge voltage preventing means comprises
a diode.

9. A magneto-system firing apparatus as claimed in claim
2, wherein said breaker make/break abnormality detecting
portion comprises a flip-flop circuit.

10. A magneto-system {iring apparatus as claimed in
claim 1, wherein said breaker make/break abnormality
detecting portion comprises a tlip-tlop circuit.
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